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7UDQVSRUW5HVHDUFK$UHQD±(XURSH
6XVWDLQDEOHWHFKQRORJLHVDQGLQQRYDWLRQIRUJUHHQFRUULGRUV
6XUYH\DQGDSSOLFDWLRQ
6DUD)R]]DD9DOHULR5HFDJQRD
D'¶$SSRORQLD6S$9LD61D]DUR*HQRYD,WDO\

$EVWUDFW
$VHWRIWUDQVSRUWFRUULGRUVZLWKLQWKH(XURSHDQ$UHDKDVEHHQVHOHFWHGRQWKHEDVLVRIWKH7(17SULRULW\SURMHFWV
WKH3DQ(XURSHDQ7UDQVSRUW1HWZRUNDQGSURMHFWSDUWQHU¶VSURSRVDOV7KLVVHWRIFRUULGRUVLVDZRUNDEOHVDPSOHRI
WKH(XURSHDQQHWZRUNVXIILFLHQWO\UHSUHVHQWDWLYHWRYDOLGDWHWKHSURMHFWPHWKRGRORJ\$WWHQWLRQZDVWKHQIRFXVHGRQ
WKHGHILQLWLRQRIDVHWRISHUIRUPDQFHLQGLFDWRUV.3,WREHXVHGIRUWKHHYDOXDWLRQRIVHUYLFHVRQWKHVHFRUULGRUV$
VXUYH\ WR LGHQWLI\ VXVWDLQDEOH WHFKQRORJ\FDQGLGDWHV IRU WKHJUHHQLQJRI WKHFRUULGRUVKDVEHHQSHUIRUPHGDQG WKH
PRVWVXLWDEOHRQHVIRUWKHSRVVLEOHDSSOLFDWLRQVKDYHEHHQVHOHFWHG6XFKWHFKQRORJLHVKDYHEHHQFKDUDFWHUL]HGE\D
VHWRIVSHFLILFSDUDPHWHUVDQGWKHLUDSSOLFDELOLW\WRWKHFRUULGRUVKDVEHHQUHSUHVHQWHGE\PHDQVRID³7HFKQRORJ\YV
$SSOLFDWLRQ´0DWUL[
7KH WHFKQRORJLHV KDYH EHHQ DOVR FKDUDFWHUL]HG E\ WKHLU LPSDFW RQ WKH ³JUHHQ´ DVSHFW RI WKH FRUULGRUV LQ WHUPV RI
YDULDWLRQRIWKHDIRUHPHQWLRQHG.3,7KLVHYDOXDWLRQKDVEHHQSHUIRUPHGXVLQJDTXDOLWDWLYHDSSURDFK$WRROIRUWKH
GHILQLWLRQ DQG FRPSDULVRQ RI GLIIHUHQW VFHQDULRV RI WHFKQRORJLHV DSSOLHG RQ FRUULGRUV KDV DOVR EHHQ GHYHORSHG
3UHVHQWO\ WKH WHFKQRORJ\ DSSOLFDWLRQ SKDVH DQG WKH FRQVHTXHQW GHYHORSPHQW RI WKH VFHQDULRV DUH RQ JRLQJ DQG
SUHOLPLQDU\UHVXOWVRQWKH%UHQQHU&RUULGRUVHOHFWHGDVWKH3LORW6FHQDULRDUHDYDLODEOH
7KHDIRUHPHQWLRQHGDFWLYLWLHVDUHSDUWRI WKHSURMHFW³6XSSRUWLQJ(8¶V)UHLJKW7UDQVSRUW/RJLVWLFV$FWLRQ3ODQRQ
*UHHQ&RUULGRUV,VVXHV´LQVKRUW6XSHU*UHHQZKLFKLVFRIXQGHGE\WKH(XURSHDQ&RPPLVVLRQZLWKLQWKHVFRSHRI
WKHWK)UDPHZRUN3URJUDPPH

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV*UHHQ&RUULGRUV6XVWDLQDEOH7HFKQRORJLHV,&7.3,

&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVVDUDIR]]D#GDSSRORQLDLW


Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1754   Sara Fozza and Valerio Recagno /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1753 – 1763 
,QWURGXFWLRQ
³6XSSRUWLQJ (8¶V )UHLJKW 7UDQVSRUW /RJLVWLFV $FWLRQ 3ODQ RQ *UHHQ &RUULGRUV ,VVXHV´ LQ VKRUW
6XSHU*UHHQLVD&RRUGLQDWLRQDQG6XSSRUW$FWLRQFRILQDQFHGE\WKH(XURSHDQ&RPPLVVLRQZLWKLQWKH
VFRSHRI WKHWK)UDPHZRUN3URJUDPPHZLWK WKHSXUSRVHRISURPRWLQJ WKHGHYHORSPHQWRI VXVWDLQDEOH
ORJLVWLFVFRUULGRUVLQ(XURSH7KHSXUSRVHRI6XSHU*UHHQLVWRSURPRWHWKHGHYHORSPHQWRIDVXVWDLQDEOH
WUDQVSRUW QHWZRUN E\ IXOILOOLQJ UHTXLUHPHQWV FRYHULQJ HQYLURQPHQWDO WHFKQLFDO HFRQRPLF VRFLDO DQG
VSDWLDOSODQQLQJDVSHFWV$GGLWLRQDO LQIRUPDWLRQRQ WKH6XSHU*UHHQ3URMHFWDUHDYDLODEOHRQ WKHRIILFLDO
ZHEVLWHZZZVXSHUJUHHQSURMHFWHX
7KHSURMHFWPHWKRGRORJ\FRQVLVWVRIWKHIROORZLQJVWHSV
x VHOHFWLRQRIDUHDVRISRVVLEOHDSSOLFDWLRQRIQHZWHFKQRORJLHVGHILQHGDV*UHHQ&RUULGRUV
x LGHQWLILFDWLRQDQGVHOHFWLRQRI6XVWDLQDEOHRUJUHHQ7HFKQRORJLHVVXLWDEOHWREHDSSOLHGRQWKH
FRUULGRUV WR LPSURYH WKH HIILFLHQF\ RI WKH WUDQVSRUW DQG WR VROYH SUHVHQW ERWWOHQHFNV RQ WKH
QHWZRUNV
x DSSOLFDWLRQ RI WKH WHFKQRORJLHV WR WKH &RUULGRUV WR LPSURYH WUDQVSRUW HIILFLHQF\ DQG VROYH
ERWWOHQHFNV
:LWKLQ WKH SURMHFW D ZHEEDVHG UHSRVLWRU\ KDV EHHQ GHYHORSHG WR VWRUH DQG UHWULHYH LQIRUPDWLRQ WR
DVVHVV WKH DSSOLFDELOLW\ RI WHFKQRORJLHV RQ FRUULGRUV WR LPSURYH WKHLU VXVWDLQDELOLW\ SHUIRUPDQFH 7KH
DVVHVVPHQWRIWKH6XVWDLQDEOH7HFKQRORJLHVLVEDVHGRQDVHWRI.H\3HUIRUPDQFH,QGLFDWRUV.3,DOVR
GHILQHGZLWKLQWKHVFRSHRIWKHSURMHFW
,QWKHQH[WFKDSWHUVWKHGHVFULSWLRQRIPHWKRGRORJ\LVUHSRUWHG,WLVEDVHGRQWKHVHOHFWLRQRIFRUULGRUV
&KDSWHU  DQG WHFKQRORJLHV &KDSWHUV  DQG WKH LGHQWLILFDWLRQRI WKH LQGLFDWRUV IRU WKH DVVHVVPHQW
&KDSWHU  DQG WKH DQDO\VLV RI WKH DSSOLFDELOLW\ DQG DVVHVVPHQW RI WKH RI VXVWDLQDEOH WHFKQRORJLHV RQ
FRUULGRUVHJPHQWVDQGQRGHV&KDSWHU$FDVHVWXG\FRQFOXGHVWKHSDSHU&KDSWHUȈĳȐȜȝĮȉȠĮȡȤİȓȠ
ʌȡȠȑȜİȣıȘȢĲȘȢĮȞĮĳȠȡȐȢįİȞȕȡȑșȘțİ

7KH6HOHFWLRQRIWKH&RUULGRUV
7KHILUVWVWHSRIWKHPHWKRGRORJ\KDVEHHQWKHDQDO\VLVDQGWKHOLVWLQJRIDODUJHQXPEHURISRWHQWLDO
FRUULGRUVVHOHFWHGRQWKHEDVLVRIWKH7(17SULRULW\SURMHFWVWKH3DQ(XURSHDQ7UDQVSRUW1HWZRUNDQG
SURMHFWSDUWQHU¶VSURSRVDOV2QWKHEDVLVRIWKLVVHWRIFRUULGRUVDVSHFLILFVXUYH\KDVEHHQFDUULHGRXWWR
JDWKHULQIRUPDWLRQUHJDUGLQJWKHVHOHFWHGFRUULGRUV
7KH SUHOLPLQDU\ GHILQLWLRQ GHVFULSWLRQ DQG JURXSLQJ RI WKH PRVW UHOHYDQW FRUULGRUV KDYH EHHQ
FRQGXFWHGDFFRUGLQJWRWKHIROORZLQJFULWHULDWUDQVSRUWYROXPHVDYHUDJHOHQJWKRIWUDQVSRUWFKDLQVVKDUH
RI ORQJGLVWDQFH WUDQVSRUWV H[LVWLQJ WUDQVSRUW LQIUDVWUXFWXUH W\SHVRI WUDQVSRUWHGJRRGVPXOWLPRGDOLW\
HIIHFWV RQ HQYLURQPHQW ODQGXVH JHRJUDSKLFDO SUHFRQGLWLRQV FDVHV FRYHULQJGLIIHUHQW SUHFRQGLWLRQV
XVHGWUDQVSRUWDQGLQIRUPDWLRQWHFKQRORJ\VXSSO\FKDLQPDQDJHPHQWVWUDWHJLHVDQGSURFHGXUHVRIPDLQ
WUDQVSRUWFOLHQWV
7KH ILQDO VHOHFWLRQ RI QLQH 6XSHU*UHHQ*UHHQ&RUULGRUV KDV EHHQ FRQGXFWHG RQ WKH EDVLV RI DPRUH
GHWDLOHG DQDO\VLV DQG WKH LQSXW RI UHOHYDQW VWDNHKROGHUV DQG UHSRUWHG LQ WKH IROORZLQJ µPHWUR¶ VW\OH
QHWZRUNPDS

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
)LJ0HWURVW\OH6XSHU*UHHQQHWZRUNPDS
7KH7HFKQRORJ\6XUYH\
7KHVHFRQGVWHSRIPHWKRGRORJ\FRQFHUQHGGDWDFROOHFWLRQIRUDODUJHVHWRI6XVWDLQDEOH7HFKQRORJLHV
7KHFRQVRUWLXPSHUIRUPHGDVXUYH\WKDWSURYLGHGDVRXQGFRYHUDJHRIWKHPRVWSURPLVLQJWHFKQRORJLHV
WHFKQLTXHVDQGSURFHGXUHVWREHDSSOLHGLQ*UHHQ&RUULGRUVERWKRYHUWKHGLIIHUHQWWUDQVSRUW OHJVDQGDW
WUDQVKLSPHQWSRLQWV
6XVWDLQDEOH WHFKQRORJLHV KDYH EHHQ VXUYH\HG DQG DQDO\]HG RQ WKH EDVLV RI OLWHUDWXUH UHYLHZ H[SHUW
MXGJPHQWRI WKH3URMHFW3DUWQHUVDQGRQSDVWDQGFXUUHQW UHVHDUFKSURMHFWV DWQDWLRQDODQGDW(XURSHDQ
OHYHO
'RFXPHQWDU\ VRXUFHV KDYH EHHQ XVHG ERWK IRU LGHQWLI\LQJ SRWHQWLDO FROOHFWHG WHFKQRORJLHV DQG WR
FRPSOHWHWKHLQIRUPDWLRQFRQFHUQLQJLQGLFDWRUVIRUWHFKQRORJLHVGHULYHGIURPRWKHUVRXUFHV
7KH SURMHFW3DUWQHUV DOVR DQDO\]HG WKH DFWLYLWLHV SHUIRUPHG DQG WKH UHVXOWV DFKLHYHG LQ WKH VFRSH RI
VHYHUDOSURMHFWVFRIXQGHGE\WKH(XURSHDQ&RPPLVVLRQZLWKLQWKHWKDQGWK)UDPHZRUN3URJUDPPHV
x 5DLOHQHUJ\,QQRYDWLYH,QWHJUDWHG(QHUJ\(IILFLHQF\6ROXWLRQVIRU5DLOZD\5ROOLQJ6WRFN5DLO
,QIUDVWUXFWXUHDQG7UDLQ2SHUDWLRQ
x *+*7UDQVSRU'±5HGXFLQJJUHHQKRXVHJDVHVHPLVVLRQVLQWUDQVSRUW
x &OHDQHVW6KLS
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x &5($7,1*
x 3/$7,1$±3ODWIRUPIRUWKHLPSOHPHQWDWLRQRI1$,$'(6DQG
x 3520,7±3URPRWLQJ,QQRYDWLYH,QWHUPRGDO)UHLJKW7UDQVSRUW

7KHILQDOUHVXOWZDVWKHVHOHFWLRQRILQQRYDWLYHWHFKQRORJLHVEHORQJLQJWRWKHIROORZLQJFDWHJRULHV
x (QJLQHV DQGSURSXOVLRQ V\VWHPV LQQRYDWLYH WHFKQRORJLHVFRQFHUQLQJHQJLQHVDQGSURSXOVLRQ
V\VWHPVLQJHQHUDOZKLFKFDQEHDSSOLHGWRDQ\NLQGRIWUDQVSRUWPRGHVRQ*UHHQ&RUULGRUV
x )XHOV DQG HQHUJ\ VRXUFHV WHFKQRORJLHV UHODWHG WR HQHUJ\ SURGXFWLRQ LQFOXGLQJ IRU LQVWDQFH
VRODU SDQHOV ZLQG WXUELQHV DQG RWKHU UHQHZDEOH HQHUJ\ VRXUFHV IXUWKHUPRUH LQQRYDWLYH IXHOV
ZLOODOVREHFRQVLGHUHG
x &DUJR KDQGOLQJ DQG WUDQVIHU WHFKQRORJLHV WHFKQRORJLHV UHODWHG WR ORDGLQJ RU XQORDGLQJ RU
FDUJRWUDQVIHURIORDGLQJXQLWVEHWZHHQGLIIHUHQWWUDQVSRUWPRGHVLQWHUQDOKDQGOLQJRIWUDQVSRUW
XQLWV
x +HDWLQJ DQG FRROLQJ WHFKQRORJLHV WKLV FDWHJRU\ LQFOXGHV LQQRYDWLYH KHDWLQJ RU FRROLQJ
WHFKQRORJLHV HPEHGGHG LQWR WUDQVSRUW YHKLFOHV LPSOHPHQWHG LQWR ZDUHKRXVHV RU XVHG GXULQJ
KDQGOLQJDQGWUDQVIHURSHUDWLRQV
x ,QQRYDWLYH ORDGLQJ XQLWV DQG WKHLU WUHDWPHQW FOHDQLQJ HWF WKLV FDWHJRU\ LQFOXGHV QHZ
ORDGLQJ XQLWV DEOH WR UHGXFH DQG RSWLPL]H WKH WLPH WDNHQ IRU ORDGLQJXQORDGLQJ DQG WUDQVIHU
RSHUDWLRQV DV ZHOO DV HQHUJ\ FRQVXPSWLRQ DQG SROOXWLRQ HPLVVLRQV LQ FDVH WKH\ HPEHG
KHDWLQJFRROLQJ GHYLFHV ,W DOVR FRQVLGHUV DQ\ DQFLOODU\ WHFKQRORJ\ QHHGHG IRU SUH RU SRVW
WUDQVSRUWWUHDWPHQWRIWKHORDGLQJXQLW
x 9HKLFOHV QHZ YHKLFOH FRQFHSWV ZLWK WKH SXUSRVH RI LPSURYLQJ WUDQVSRUW WLPH DQG UHGXFLQJ
SROOXWLRQHPLVVLRQVVKDOOEHUHSRUWHGLQWKLVFDWHJRU\
x 1DYLJDWLRQ WHFKQRORJLHV WKLV FDWHJRU\ LV UHIHUUHG WR WHFKQRORJLHV IDFLOLWDWLQJ YHKLFOHV
QDYLJDWLRQ GXULQJ WUDQVSRUW LQFOXGLQJ WUDFNLQJWUDFLQJ DQG DXWRPDWLF YHKLFOHV LGHQWLILFDWLRQ
$9,
x %HVW SUDFWLFHV RI WHFKQRORJLHV LQWHJUDWLRQ WKLV FDWHJRU\ LV GHGLFDWHG WR WKH LGHQWLILFDWLRQ RI
EHVWSUDFWLFHVGHULYHGIURPUHDOXVHFDVHV UHODWHG WR WKH LQWHJUDWLRQRI LQQRYDWLYH WHFKQRORJLHV
RQ WUDQVSRUW V\VWHPVZLWK SDUWLFXODU UHIHUHQFH WR WKHLU LPSDFW RQ HQHUJ\ DQG FDUERQ IRRWSULQW
UHGXFWLRQDQGWKHLUSRWHQWLDOIRUH[SRUWDELOLW\RQGLIIHUHQWIUDPHZRUNV

,Q WKH IROORZLQJ SLFWXUH WKH SUHOLPLQDU\ UHVXOWV RI WKH VXUYH\ DUH UHSRUWHG  7KH WHFKQRORJLHV DUH
VXEGLYLGHGLQWKHGLIIHUHQWFRQVLGHUHGFDWHJRULHV
)XHOVDQGVRXUFHVRI
HQHUJ\
9HKLFOHV
1DYLJDWLRQ
WHFKQRORJLHV
+HDWLQJDQG&RROLQJ
,QQRYDWLYHXQLWV
DQGWUHDWPHQW
(QJLQHVDQG
3URSXOVLRQ6\VWHPV
%HVW3UDFWLFHV
&DUJR+DQGOLQJDQG
7UDQVIHU

)LJ'LVWULEXWLRQRIWKHVHOHFWHGWHFKQRORJLHVLQFDWHJRULHV
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
$OOWKHWHFKQRORJLHVKDYHWKHQEHHQDVVRFLDWHGZLWKWKHIROORZLQJWUDQVSRUWPRGHV
x ZDWHUERUQHLHLQODQGZDWHUZD\DQGPDULWLPH
x UDLOZD\WUDQVSRUW
x URDGWUDQVSRUW
x PXOWLPRGDOWUDQVSRUW
7KHILQDOUHVXOWRIWKHDIRUHPHQWLRQHGDVVRFLDWLRQLQFUHDVHVWKHWRWDOQXPEHURIDSSOLFDWLRQVIRUP
WREHFDXVHVRPHWHFKQRORJLHVDUHDSSOLFDEOHWRPRUHWKDQRQHPRGHRIWUDQVSRUW

7KH IROORZLQJ ILJXUH SURYLGHV D V\QWKHVLV RI DOO WKH WHFKQRORJLHV FROOHFWHG  7KH WHFKQRORJLHV DUH
VXEGLYLGHGLQHDFKGHILQHGFDWHJRU\FRQVLGHULQJWKHWUDQVSRUWPRGH









(QJLQHVDQG
3URSXOVLRQ
6\VWHPV
)XHOVDQG
6RXFHVRI
HQHUJ\
&DUJR
KDQGOLQJDQG
7UDQVIHU
+HDWLQJDQG
&RROLQJ
,QQRYDWLYH
XQLWVDQG
7UHDWPHQW
9HKLFOHV 1DYLJDWLRQ
WHFKQRORJLHV
%HVWSUDFWLFHV
,QODQG:DWHUZD\V
0DULWLPH
5DLOZD\
5RDG
0XOWLPRGDO

)LJ'LVWULEXWLRQRIWKHVHOHFWHGWHFKQRORJLHVZLWKUHIHUHQFHWRWKHFDWHJRU\DQGWRWKHWUDQVSRUWPRGH
7KH6XVWDLQDEOH7HFKQRORJLHVFROOHFWHGKDYHEHHQFKDUDFWHUL]HGE\PHDQVRILQGLFDWRUVWKLVDOORZWKH
DQDO\VLVRI WKHLUUHOHYDQWFKDUDFWHULVWLFVUHSUHVHQWLQJWKHEDVHOLQHIRUWKHSURFHVVZKLFKZLOO OHDGWR WKH
LGHQWLILFDWLRQRIWKHPRVWSURPLVLQJWHFKQRORJLHVWREHIXUWKHUXVHGLQWKHVFRSHRI6XSHU*UHHQ

7KH IROORZLQJ FRPPRQ LQIRUPDWLRQ WR DOO WKH FRQVLGHUHG FDWHJRULHV KDV EHHQ VHOHFWHG WR SURYLGH D
JHQHUDOGHVFULSWLRQRIHDFKWHFKQRORJ\
x WKHWHFKQRORJ\QDPH
x D VKRUW GHVFULSWLRQ WR SURYLGH D IHZ OLQHV LQIRUPDWLRQ FRQFHUQLQJ WKH PRVW UHOHYDQW
FKDUDFWHULVWLFVLQFOXGLQJLWVILHOGRIDSSOLFDWLRQDQGWKHIRUHVHHQSRWHQWLDOIRULPSURYHPHQW
x WKHWUDQVSRUWPRGH
x WKHQDPHRIWKHSURYLGHURUPDQXIDFWXUHUFRPSDQ\LHVRZQLQJWKHSDWHQW
x WKH7HFKQRORJ\5HDGLQHVV/HYHO75/WRDVVHVVWKHPDWXULW\RIHYROYLQJWHFKQRORJ\
x WKHWLPHWRPDUNHWUHSUHVHQWLQJWKHWLPHJHQHUDOO\H[SUHVVHGLQ\HDUVQHFHVVDU\IRUFRPSOHWLQJ
WKHGHYHORSPHQWRIWKHWHFKQRORJ\DQGPDNHLWDYDLODEOHRQWKHPDUNHW
x WKH SRWHQWLDO QHHG RI UHDOL]DWLRQ RI DGGLWLRQDO PHDVXUHV HJ PRGLILFDWLRQ RI H[LVWLQJ
LQIUDVWUXFWXUHV LQWURGXFWLRQRIQHZZRUNLQJSURFHGXUHV LPSOHPHQWDWLRQRIRWKHU WHFKQRORJLHV
HWF
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x WKH SROOXWDQW HPLVVLRQV HJ &DUERQ IRRWSULQW &2 HPLVVLRQV 6XOSKXU HPLVVLRQV 62
1LWURJHQHPLVVLRQV12['XVWDQGSDUWLFOHV30
x /LIH&\FOH&RVW

0RUHRYHUVSHFLILFLQGLFDWRUVIRUHDFKVLQJOHFDWHJRU\KDYHEHHQLGHQWLILHGWRFRPSOHWHWKHWHFKQRORJ\
GHVFULSWLRQHJSRZHUVXSSO\WKHWHFKQRORJ\HQHUJ\HIILFLHQF\RUWKHJHRJUDSKLFDOFRYHUDJH

7KH7HFKQRORJ\6HOHFWLRQ
6WDUWLQJ IURP WKH OLVW RI FROOHFWHG WHFKQRORJLHV D SUHOLPLQDU\ DQDO\VLV KDV EHHQ FRQGXFWHG RQ WKHLU
FKDUDFWHULVWLFV LQ RUGHU WR LGHQWLI\ WKH PRVW SURPLVLQJ RQHV DFFRUGLQJ WR WKH 6XSHU*UHHQ VFRSH DQG
REMHFWLYHV
7KH WHFKQRORJLHV KDYHEHHQ JURXSHG LQWR VL[GLIIHUHQW FDWHJRULHV IURP WKH ³YHU\ LPSRUWDQW´ PDWXUH
WHFKQRORJLHV EHOLHYHG WR KDYH D ODUJH LPSDFW RQ WKH JUHHQLQJ SRWHQWLDO RI FDUJR WUDQVSRUWDWLRQ LQ D
WUDQVSRUWFRUULGRUWRWKH³QRWUHOHYDQW´RQHVIRUWKHSURMHFWREMHFWLYHV
$W WKH HQG RI WKH DQDO\VLV  WHFKQRORJLHV UHSUHVHQWLQJ WKH  RI WKH WRWDO DQDO\]HG KDYH EHHQ
FRQVLGHUHGDVWKHPRVWSURPLVLQJRQHV
,Q WKH IROORZLQJ ILJXUH WKH UHVXOWV RI WKH VHOHFWLRQ DQDO\VLV DUH UHSRUWHG  7KH WHFKQRORJLHV DUH
VXEGLYLGHGLQWKHGLIIHUHQWFDWHJRULHVFRQVLGHUHGZLWKLQWKHSURMHFW

)XHOVDQGVRXUFHV
RIHQHUJ\
9HKLFOHV &DUJR+DQGOLQJDQG7UDQVIHU
%HVW3UDFWLFHV (QJLQHVDQG
3URSXOVLRQ
6\VWHPV
,QQRYDWLYHXQLWV
DQGWUHDWPHQW
+HDWLQJDQG
&RROLQJ
1DYLJDWLRQ
WHFKQRORJLHV

)LJ'LVWULEXWLRQRIWKHPRVWSURPLVLQJWHFKQRORJLHVLQFDWHJRULHV
7KHIROORZLQJILJXUHSURYLGHVDV\QWKHVLVRIILQDOVHWRIWHFKQRORJLHVZLWKUHIHUHQFHWRWKHFDWHJRU\DQG
WRWKHWUDQVSRUWPRGH
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







(QJLQHVDQG
3URSXOVLRQ
6\VWHPV
)XHOVDQG
VRXUFHVRIHQHUJ\
&DUJR+DQGOLQJ
DQG7UDQVIHU
+HDWLQJDQG
&RROLQJ
9HKLFOHV 1DYLJDWLRQ
WHFKQRORJLHV
%HVW3UDFWLFHV
,QODQG:DWHUZD\V
0DULWLPH
5DLOZD\
5RDG
0XOWLPRGDO

)LJ'LVWULEXWLRQRIWKHPRVWSURPLVLQJWHFKQRORJLHVZLWKUHIHUHQFHWRWKHFDWHJRU\DQGWRWKHWUDQVSRUWPRGH
,Q SULQFLSOH WHFKQRORJLHV LGHQWLILHG IRU WKH PDULWLPH VHFWRU EHORQJ WR WKH (QJLQHV DQG 3URSXOVLRQ
6\VWHPVFDWHJRU\)RU VDNHRIH[DPSOH WKHGLUHFWO\GULYHQSURSHOOHUPHFKDQLFDOO\FRQQHFWHGSURSHOOHU
DQGGLHVHOPHFKDQLFSURSXOVLRQZLWKKLJKVSHHGHQJLQHKDYHEHHQLGHQWLILHGDVSURPLVLQJWHFKQRORJLHVLQ
WKLVILHOG+RZHYHUWKH$XWRPDWLF,GHQWLILFDWLRQ6\VWHP$,6LVDOVRFRQVLGHUHGDYHU\XVHIXOQDYLJDWLRQ
WHFKQRORJ\LQWKHPDULWLPHVHFWRUWRDYRLGFROOLVLRQVDQGWRKDYHWKHVKLSWUDFNLQJDQGWUDFLQJ
,Q WKH URDGVHFWRU WKHPRVW LPSRUWDQW WHFKQRORJLHVDUH WKRVHQHFHVVDU\ WR UHGXFH&2HPLVVLRQVDQG
HQYLURQPHQWDO SROOXWDQWV 7KHUHIRUH WKH LGHQWLILHG WHFKQRORJLHV EHORQJ WR WKH FDWHJRULHV (QJLQH DQG
3URSXOVLRQ6\VWHPV)XHOVDQG(QHUJ\6RXUFHVDQG9HKLFOHV
,Q WKH UDLOZD\ VHFWRU WKH PRVW LPSRUWDQW WHFKQRORJLHV EHORQJ WR WKH )XHOV DQG (QHUJ\ 6RXUFHV DQG
9HKLFOHV FDWHJRULHV 7KH FRPSRVLWLRQ RI WKH SULPDU\ VRXUFHV IRU WKH HQHUJ\ (QHUJ\0L[ XVHG LQ WKH
UDLOZD\VHFWRUKDVDQLPSRUWDQWLQIOXHQFHRQWKHHYDOXDWLRQRIWKHHQYLURQPHQWDO.3,7KHXVHRIHQHUJ\
IURPUHQHZDEOHVRXUFHVLQIDFWPD\DQQHDO&2HPLVVLRQVLQWKHDWPRVSKHUH
,Q WKH ILOHG RI VRIWZDUH DSSOLFDWLRQV WKH RQOLQH RSWLPL]DWLRQ RI UDLO WUDIILF IORZ LV FRQVLGHUHG D EHVW
SUDFWLFHWRUHGXFHGHOD\VDQGPLQLPL]LQJWKHHQHUJ\FRQVXPSWLRQ
7KH6HOHFWLRQRI.H\3HUIRUPDQFH,QGLFDWRUV
7KHILUVWOLVWRISHUIRUPDQFHLQGLFDWRUVKDVEHHQLGHQWLILHGRQWKHEDVHRIDUHYLHZRISDVWVWXGLHVDQG
UHVHDUFKSURMHFWVDVVHVVLQJWUDQVSRUWFRUULGRUVRURSHUDWLRQVDQGSDVWH[SHULHQFHVRIOLVWRI.3,VLQRWKHU
VHFWRUVRIWKHVRFLHW\(PSKDVLVKDVEHHQSODFHGRQWKHZRUNRILQWHUQDWLRQDORUJDQL]DWLRQVDGGUHVVLQJWKH
FXUUHQWHQYLURQPHQWDOFKDOOHQJHV
.3,ZHUHJURXSHGDQGDVPDOOQXPEHURIUHSUHVHQWDWLYHLQGLFDWRUVIURPHDFKJURXSKDYHEHHQVHOHFWHG
YHULI\LQJWKDWWKHHQYLURQPHQWDOWHFKQLFDOHFRQRPLFDOVRFLDODQGVSDWLDOSODQQLQJDVSHFWVRILQWHUPRGDO
IUHLJKWWUDQVSRUWDUHFRYHUHG
)RU HDFK VHOHFWHG.3, WKH LQSXW YDOXHV QHHGHG IRU LWV FDOFXODWLRQ DQG WKH H[DFW IRUPXOD WREHXVHG
KDYHEHHQLGHQWLILHGDQGTXDOLWDWLYHLQGLFDWRUVKDYHEHHQUHGXFHGWRDPLQLPXP
.3,KDYHEHHQWKHQILOWHUHGIROORZLQJGLVFXVVLRQDQGDJUHHPHQWGRQHGXULQJUHJLRQDOZRUNVKRSVZLWK
SURMHFW SDUWQHUV DQG VWDNHKROGHUV DQG WKH VHOHFWHG .3, KDYH EHHQ WHVWHG RQ RQH RI WKH 6XSHU*UHHQ
FRUULGRUVLGHQWLILHGLQWKHVFRSHRIWKHSURMHFWWRLGHQWLI\REVWDFOHVLQWKH.3,HVWLPDWLRQ
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$.3,UHHQJLQHHULQJSURFHVVLVWKHQIROORZHGWRFRPHWRWKHIROORZLQJGLVWLOOHGVHWRI.3,¶V
x &2HPLVVLRQH[SUHVVHGLQJWRQNP
x 62[HPLVVLRQVH[SUHVVHGLQJWRQNP
x 5HODWLYHWUDQVSRUWFRVW H[SUHVVHGLQ¼WRQNP
x 7UDQVSRUWWLPHH[SUHVVHGLQK
x )UHTXHQF\VHUYLFHVSHU\HDUH[SUHVVHGDVDQXPEHU
x 5HOLDELOLW\RQWLPHGHOLYHULHVH[SUHVVHGDVD

7KH7HFKQRORJ\$SSOLFDWLRQ
7KH ILQDO WDVN RI WKLV UHVHDUFK FRYHUHG D FRPSUHKHQVLYH DQDO\VLV RI WKH SRVVLEOH DSSOLFDWLRQV RI WKH
LGHQWLILHG6XVWDLQDEOH7HFKQRORJLHVRQVHOHFWHG&RUULGRUVWRGHWHUPLQHWKHLUJUHHQLQJSRWHQWLDO
$WHPSODWHIRUWKH7HFKQRORJ\YV$SSOLFDWLRQ0DWUL[KDVEHHQGHILQHGWRLGHQWLI\WKHDSSOLFDWLRQDUHDV
VHJPHQWV DQG QRGHV RI VHOHFWHG*UHHQ &RUULGRUV RI VXVWDLQDEOH WHFKQRORJLHV DQG WKHQ WR DVVHVV WKHLU
DSSOLFDELOLW\IRULPSURYLQJWKHJUHHQLQJSRWHQWLDORIWKHFRUULGRUV
$VSHFLILFPDWUL[SHUFRUULGRUKDVEHHQSUHSDUHGDQGWKHSRSXODWLRQLVRQJRLQJ(DFKPDWUL[KDVEHHQ
GHOLYHUHG WR 3DUWQHUV SUH ILOOHG LQ ZLWK WKH OLVW RI VHOHFWHG WHFKQRORJLHV D EULHI GHVFULSWLRQ DQG WKH
WUDQVSRUWPRGH3DUWQHUVFRPSOHWHWKHLQIRUPDWLRQJLYLQJLQGLFDWLRQRIWKHVHJPHQWVDQGRUQRGHVZKHUH
WKHWHFKQRORJ\FRXOGEHDSSOLHGDQGDQLQGLFDWLRQRIWKHLQIOXHQFHRIWKHWHFKQRORJ\RQWKHVHWRI.3,V
,QIDFWDTXDOLWDWLYHHYDOXDWLRQLVSHUIRUPHGFRQVLGHULQJWKDWVSHFLILFGDWDRQ6XVWDLQDEOH7HFKQRORJLHV
DUH QRW DYDLODEOH LQ RUGHU WR DOORZ D TXDQWLWDWLYH DSSURDFK  7KLV LV PDLQO\ GXH WR WKH IDFW WKDW PDQ\
WHFKQRORJLHVDUHXQGHUGHVLJQDQGRUGHYHORSPHQWDQGUHOLDEOHGDWD UHODWHG WRRQVLWHDSSOLFDWLRQDUHQRW
DYDLODEOH7KHFODVVHVRILQIOXHQFHDUHDVVLJQHGZLWKUHIHUHQFHWRDUDQNLQJEHWZHHQWR
x PHDQVDYHU\EDGLQIOXHQFHRIWKHWHFKQRORJ\RQD.3,
x PHDQVDEDGLQIOXHQFHRIWKHWHFKQRORJ\RQD.3,
x PHDQVWKHWHFKQRORJ\LVQRWUHOHYDQWIRUD.3,
x PHDQVDJRRGLQIOXHQFHRIWKHWHFKQRORJ\RQD.3,
x PHDQVDYHU\JRRGLQIOXHQFHRIWKHWHFKQRORJ\RQD.3,
7KH SRSXODWLRQ RI WKH PDWUL[ LV EDVHG RQ GRFXPHQWDWLRQ DQG LQIRUPDWLRQ SURYLGHG E\ 6XSHU*UHHQ
3URMHFW3DUWQHUVRQLQIRUPDWLRQFROOHFWHGGXULQJWKH6HFRQG3OHQDU\:RUNVKRSKROGLQ*HQRDDQGIXUWKHU
LQWHUYLHZVZLWKVWDNHKROGHUVZRUNLQJDORQJWKHFRUULGRUV

7KH PDWUL[ FRQVWLWXWHV D NQRZOHGJH WDQN ZKLFK ZLOO EH PDGH DFFHVVLEOH WR WKH XVHUV DQG WKH
VWDNHKROGHUVE\PHDQVRI WKH6XSHU*UHHQ.QRZOHGJH%DVH 7KLV WRRO LVDQHDV\WRXVHDQGZHEEDVHG
NQRZOHGJHUHSRVLWRU\DYDLODEOHWRDOOLQWHUHVWHGVWDNHKROGHUV
7KHLQWHUIDFHRIWKHWRROKDVEHHQUHDOL]HGXVLQJDZL]DUGWRKHOSWKHXVHULQEURZVLQJWKHFRQWHQWDQG
DFFHVVLQJWRWKHZKROHNQRZOHGJHVWRUHGWKHUH
7KHPDLQIXQFWLRQDOLWLHVRIWKHWRRODUHWKHIROORZLQJ
x 5HJLVWHULQJXVHUVDQGORJLQWRWKHPHPEHUDUHD
x 9LHZLQJ DQG FRQVXOWDWLRQ RI WKH PDS RI FRUULGRUV WKH VHOHFWHG FRUULGRUV DUH UHSUHVHQWHG E\
WUDQVSRUW OLQNV RQH OLQN SHU HDFK WUDQVSRUW PRGH DQG QRGHV  (DFK OLQN DQG QRGH DUH
FKDUDFWHUL]HGE\WKHLUSULQFLSDOLQIRUPDWLRQVXFKDVOHQJWKWUDQVSRUWYROXPHSHUHDFKWUDQVSRUW
PRGHDSSOLFDEOHWHFKQRORJLHV
x 5HSUHVHQWDWLRQ RI WKH WHFKQRORJLHV D VHFWLRQ FRQWDLQLQJ WKH PRVW SURPLVLQJ WHFKQRORJLHV LV
LQFOXGHG LQ WKH WRRO7KH UHSRUWHG WHFKQRORJLHV DUH FKDUDFWHUL]HGE\ WKH PRVW VLJQLILFDQW GDWD
DQGLQIRUPDWLRQDQGE\WKHFODVVRILQIOXHQFHRQWKHVHWRI.3,VLGHQWLILHG
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x 5HSUHVHQWDWLRQ RI WKH 7HFKQRORJLHV YV $SSOLFDWLRQV 0DWUL[ WKLV VHFWLRQ FRQWDLQV WKH
DSSOLFDELOLW\RIHDFK WHFKQRORJ\RQ OLQNVQRGHVRI WKHFRUULGRUVZLWKUHIHUHQFH WR WKH WUDQVSRUW
PRGH
x &UHDWLRQRIDSGIUHSRUWSHUFRUULGRUVKRZLQJWKHOLVWRIWHFKQRORJLHVDSSOLFDEOHRQWKHFRUULGRU
DQGWKHDVVHVVPHQWRIWKHLUJUHHQLQJSRWHQWLDOZLWKUHIHUHQFHWR.3,V


)LJ6XSHU*UHHQ.QRZOHGJH%DVHVFUHHQVKRWV
&RQFOXVLRQV
7KH SXUSRVH RI 6XSHU*UHHQ LV WR FRQWULEXWH WR WKH LPSURYHPHQW RI VXVWDLQDELOLW\ LQ WKH (XURSHDQ
/RJLVWLFVV\VWHP7KHSDSHUKDVLQWURGXFHGDQGGHVFULEHGDVXUYH\RIVXVWDLQDEOHWHFKQRORJLHVVXLWDEOHIRU
DSSOLFDWLRQVLQ(XURSHDQ/RJLVWLFVFRUULGRUVWRLQFUHDVHWKHLUJUHHQLQJSRWHQWLDO
3UHVHQWO\ WKH WHFKQRORJ\ DSSOLFDWLRQ SKDVH LV VWLOO RQ JRLQJ EXW SUHOLPLQDU\ UHVXOWV RQ WKH %UHQQHU
&RUULGRUVHOHFWHGDVWKH3LORW6FHQDULRDUHDYDLODEOHDQGDUHVXPPDUL]HGEHORZ
7KH%UHQQHU&RUULGRUDVGHILQHGLQWKHVFRSHRISURMHFW LVUHOHYDQWWRJRRGVWUDQVSRUWIURP6ZHGHQ
WKURXJK*HUPDQ\ WR ,WDO\ 3DOHUPRDQG*UHHFH $WKHQV WKURXJK WKH ,WDOLDQSHQLQVXOD7KHFRUULGRU LV
PDLQO\ UDLO DQG URDGEDVHG FRPSOHWHG E\ VKRUW VHD VKLSSLQJ VXFK DV 1DSOHV  3DOHUPR DQG 3DWUDV 
,JRXPHQLWVDWR%ULQGLVL%DUL$QFRQD
7KHFULWLFDO VHJPHQWRI WKH%UHQQHU&RUULGRU LV UHSUHVHQWHGE\ WKH%UHQQHU3DVV OLQNEHWZHHQ0XQLFK
DQG9HURQD7KHWRWDOYROXPHDWWKH%UHQQHUR3DVVKDVEHHQPLOOLRQRIWRQVLQZLWKDPRGDO
VSOLWRIDQGIRUURDGDQGUDLOUHVSHFWLYHO\
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7KHDQDO\VLVRIWKHDSSOLFDWLRQVFHQDULRSRLQWHGRXWDWILUVWDQDO\VLV6XVWDLQDEOH7HFKQRORJLHVWKDWFDQ
FRQWULEXWHWRWKHLPSURYLQJRIWKHFDUERQIRRWSULQWDQGHQYLURQPHQWDODVSHFWV
)RU VDNH RI H[DPSOH WKH DGRSWLRQ RI YHVVHOV HTXLSSHGZLWK QHZ JHQHUDWLRQ RI WKUXVWHUV RU GLUHFWO\
GULYHQSURSHOOHUVLVH[SHFWHGWRUHGXFHIXHOFRQVXPSWLRQGXHWRWKHLUKLJKHUHIILFLHQF\DQGWKHUHIRUHWKH
HPLVVLRQVRI&2DQG62[2IFRXUVHDWKRURXJKVXVWDLQDELOLW\DQDO\VLVZRXOGGHWHUPLQHWRZKLFKH[WHQW
WKH LQYHVWPHQWV IRU WKH DSSOLFDWLRQ RI WKRVH WHFKQRORJLHV IRU 6KRUW6HD6KLSSLQJ OLQNV ZRXOG EH
ILQDQFLDOO\YLDEOH
2QWKHPXOWLPRGDOWUDQVSRUWWKHDSSOLFDWLRQRIGLIIHUHQWIXHOVDV&1*&RPSUHVVHG1DWXUDO*DVRQDOO
LQWHUQDOFRPEXVWLRQWHUPLQDOHTXLSPHQWFRXOGUHGXFHWKHFDUERQIRRWSULQWRI WUDQVVKLSPHQWRSHUDWLRQLQ
PHGLXPDQGVPDOOVL]HGWHUPLQDOVZKLOVWWKHXVHRI%LRJDVWRIXHOWKHURDGVVHJPHQWVLVVXSSRVHGWREH
DQRWKHULQWHUHVWLQJFDVHDFFRUGLQJWRWKHMXGJPHQWRIWKHH[SHUWVLQYROYHGLQWKHDVVHVVPHQWSURFHVV7KH
DSSOLFDWLRQ RI WKH QHZ JHQHUDWLRQ (XUR 9, WUXFNV RQ WKH URDG VHJPHQWV DQG WKH DGRSWLRQ RI +\EULG
/RFRPRWLYHLQVSLWHRIIXOOGLHVHOORFRVZKHUHXVHGDQGDOORZHGE\ORFDOUHJXODWLRQLVZHOFRPHZKLOVW
WKHDGRSWLRQRIWKH%UDNLQJ(QHUJ\5HFRYHU\KDVJRRGSRWHQWLDORQWKH%UHQQHU3DVVLHUHFXSHUDWLRQRI
HQHUJ\GXULQJORZHULQJRIVSHHGLQGHVFHQGLQJVHJPHQWV7KH.3,DVVHVVPHQWRI WKHLQIOXHQFHRIHDFK
WHFKQRORJ\WRWKHVXVWDLQDELOLW\RIFRUULGRUVLVVWLOOXQGHUHYDOXDWLRQ
$ ZHEEDVHG NQRZOHGJH UHSRVLWRU\ KDV EHHQ UHDOLVHG WR VWRUH WKH LPSDFWV RI WKH DSSOLFDWLRQ RI
VXVWDLQDEOH WHFKQRORJLHV DVVHVVHG YLVjYLV .H\ 3HUIRUPDQFH ,QGLFDWRUV WKHVH UHVXOWV ZLOO EH SXEOLFO\
DFFHVVLEOHWRWKHH[WHQWRIWKHFRUULGRUVVHOHFWHGE\WKHSURMHFWIRUEHQFKPDUNLQJ
2WKHU WDVNV RI 6XSHU*UHHQ DUH LQYHVWLJDWLQJ WKH JUHHQLQJ SRWHQWLDO RI ,&7 WHFKQRORJLHV ZKLFK
GHVFULSWLRQLVOHIWWRDSDSHUGHGLFDWHGWRWKHVXEMHFW
5HIHUHQFHV
&RPPXQLFDWLRQIURPWKH(XURSHDQ&RPPLVVLRQ&20ILQDO³)UHLJKW7UDQVSRUW/RJLVWLFV$FWLRQ3ODQ´

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